are the most numerous biological entities 1 in the oceans. To put the sheer abundance of marine viruses in context, we note that they contain more carbon than 75 million blue whales and, if such viruses were joined end-to-end, they would stretch further than the nearest 60 galaxies (Suttle, 2005) . While marine viruses were first described by Spencer (1955) , they were largely ignored for three decades because of the relatively low abundances inferred using culturebased assays. However, since Bergh et al. (1989) recognized their numeric importance, they have been considered at least as abundant as marine microbes, and scientists have been characterizing them and trying to determine the extent of marine viral diversity. Extensive efforts have focused on understanding the role of viruses in horizontal gene transfer and microbial mortality, and on the consequent impacts on microbial abundance, diversity, and community structure.
Here, we review advances in understanding viral diversity and genome evolution, and discuss potentially fruitful areas for future research. (Angly et al., 2006) . This may not be surprising
given that marine microbial prokaryotic and eukaryotic diversity is also enormous (e.g., Irigoien et al., 2004; Witman et al., 2004; Thompson et al., 2005; Worden, 2006) , and there are likely to be multiple host-specific viruses infecting each marine organism (Moebus, 1991; Moebus, 1992; Waterbury and Valois, 1993; Wilson et al., 1993; Wichels et al., 1998; Sullivan et al., 2003) . The diversity of marine viral morphologies ranges from a variety of icosahedral tailed phages (Figure 1 ) (Moebus, 1 Viruses themselves are nonmetabolic (outside of the infection process) and lack the standard genetic marker (ribosomal rna) that allows routine genetic comparison of known and unknown life forms using the "tree of Life, " so they are often not considered "alive. " The term "biological entities" is used to allow classification of viruses with other life forms.
...65-95% of marine viral metagenomic sequences are not similar to previously Valois, 1993; Proctor, 1997; Wichels et al., 1998; Sullivan et al., 2003) to long filamentous viruses (Middelboe et al., 2003) with particle diameters ranging from 25 nm (Schizochytrium singlestranded RNA virus SssRNAV) (Takao et al., 2005) up to ~ 300 nm for a virus that infects a marine phagotrophic protist (Garza and Suttle, 1995) . Reported marine viral genome sizes range from 4.4 kilobases (kb) (Tomaru et al., 2004) to 630 kb (Ovreas et al., 2003) , with representative genome sequences available from cultured isolates from nearly the extremes of the observed ranges (the 4.4 kb Heterocapsa circularisquama virus HcRNAV [Nagasaki et al., 2005a] and the 407 kb Coccolithovirus HeV-86 ). Studies targeting genes conserved among members of a viral group (e.g., g20 and g23 of myophages [Fuller et al., 1998; Zhong et al., 2002; Marston and Sallee, 2003; Filee et al., 2005; Short and Suttle, 2005] , the RNA polymerase of picorna viruses [Culley et al., 2003] , or the DNA polymerase of algal viruses [Chen et al., 1996; Short and Suttle, 2002] and T7-like podophages Furthermore, 65-95% of marine viral metagenomic sequences are not similar to previously described sequences (Breitbart et al., 2002 Angly et al., 2006; Culley et al., 2006) , as opposed to ~ 10% for cellular metagenomic surveys (Tyson et al., 2004; Venter et al., 2004) , suggesting that we have only begun to scratch the surface of marine viral sequence diversity.
One of the most striking features of this sequence diversity is an abundance of viral-encoded genes that were previously thought to be restricted to cellular genomes with metabolic capacity. For example, photosynthesis genes, which would seem of little use to something other than a photosynthetic cell, are now thought to be common in cyanophages (Mann et al., 2003; Lindell et al., 2004; Millard et al., 2004; Sullivan et al., 2006) . Extensive sequencing efforts on these core photosystem II reactioncenter genes show that cyanophages themselves act as genetic reservoirs for their hosts, generating diversity even at figure 1. Electron micrographs of representative ocean cyanobacterial viruses that infect Prochlorococcus and Synechococcus. panels a and b represent the noncontracted and contracted tails of myoviruses, respectively. note that the tails are nonflexible and contain rather conspicuous baseplates and tail fibers. panels C, D, and E represent siphoviruses that contain long, flexible, noncontractile tails. note the variability in tail length, tail-terminus structures, and capsid morphology in C and D as compared to E. panel f shows the icosahedral capsids of podoviruses that contain small, noncontractile tails. all black scale bars are 100 nm. Photos by M.B. Sullivan, P. Weigele, and B. Ni. Images C and D were originally published in Sullivan et al. (2006) the level of these globally distributed genes (Zeidner et al., 2005; Sullivan et al., 2006) . Gene-expression studies on model phage-host pairs show that both messenger RNA (Lindell et al., 2005; Clokie et al., 2006) and protein (Lindell et al., 2005) are produced from viral photosynthesis genes during infection, which suggests that they are functional.
Several other so-called "host genes," thought to be remnants of horizontal gene transfer, are present to varying degrees in cyanophages (Chen and Lu, 2002; Mann et al., 2005; Sullivan et al., 2005) and other marine phages (Rohwer et al., 2000; Miller et al., 2003; Lohr et al., 2005) . Some of these genes are conserved across multiple phage lineages, such as the photosynthesis and carbon metabolism genes, which suggest that these genes play critical roles during infection, likely augmenting biochemical processes at key metabolic bottlenecks (Figure 2 ).
For this reason, we suggest the term "auxiliary metabolic genes" (AMGs) rather than the potentially misleading term "host genes" when describing these genetic elements. 2. schematic summarizing the potential roles of cyanophage-encoded "auxiliary metabolic genes" during infection of Prochlorococcus, a cyanobacterium. Three cellular metabolic pathways-photosynthesis, the pentose-phosphate pathway, and nucleotide biosynthesis-combine to make nucleotides, critical precursors for Dna replication in both cyanobacteria and their viruses. infecting viruses often carry genes for photosystem ii proteins (psbA, psbD), transaldolase (talC), ribonucleotide reductase (nrdJ), and biosynthetic enzymes for making b 12 (cobS), a cofactor of ribonucleotide reductase. when expressed during infection, these genes may augment key steps in cellular metabolism, opening potential bottlenecks to increase nucleotide production, virus genomic Dna replication, and ultimately virus production. For further reading on marine viruses, see the following comprehensive reviews: Dunigan et al., 2006; Fuhrman, 1999; Proctor, 1997; Suttle, 2005; Weinbauer, 2004; and Wommack and Colwell, 2000 . 
